A dult spinal deformity (ASD) is a common spinal disorder in patients over 60 years of age, with studies suggesting prevalence as high as 68%. 17 Although corrective surgery achieves better outcomes in terms of leg pain and disability compared with nonoperative treatment, 15, 19 complication rates range from 37% to 78% in the literature. 1, 3, 9, 18 Risk factors for complication development include age over 65 years, longer constructs, female sex, revision procedures, and having surgery performed by a low-volume surgeon or at a low-volume hospital. 13, 21 Recently, attention has been given to the role that teaching hospitals play in outcomes after spinal surgery. Although teaching hospitals claim better quality of care than nonteaching hospitals, 20 there have been conflicting data when examining outcomes specifically in degenerative spine disease cases. 6, 12 Fineberg et al. demonstrated significantly higher complication rates for patients undergoing cervical spine operations for myeloradiculopathy at teaching versus nonteaching hospitals.
whether patients with ASD who undergo surgery have different short-term outcomes when treated at a teaching versus a nonteaching hospital.
Methods

Study Design and Data Source
This is a retrospective study of a prospectively collected national database, the Nationwide Inpatient Sample (NIS), for the years 2002-2011. The NIS is one of the largest national inpatient databases available to the public and provides inpatient data from approximately 8 million admissions each year. This database is a 20% sample database of all discharges in the US stratified by geographical region, metropolitan location, hospital teaching status, and hospital size. Data are prospectively collected at participating hospitals, and de-identified information is then captured.
inclusion and exclusion Criteria
Diagnostic codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) were used to identify patients with scoliosis. Only patients who presented with one of the following codes were included: acquired postural kyphosis (737.10), kyphosis not elsewhere classified (737. 19) , acquired postural lordosis (737. 20) , idiopathic scoliosis and kyphoscoliosis (737.30), progressive infantile idiopathic scoliosis (737.32), thoracogenic scoliosis (737.34), scoliosis not elsewhere classified (737.39), kyphosis from secondary cause (737.41), lordosis from secondary cause (737.42), and kyphoscoliosis from secondary cause (737.43). Patients undergoing surgery were then identified if they included any of the following procedural codes for spinal arthrodesis: 81.04-81.09 (Fig. 1) . Patients younger than 21 years of age, patients with nonelective admissions, and admissions not reporting hospital teaching status were excluded.
Covariate Data
Admission information such as patient age, sex, race, comorbidities, primary payer, diagnosis, procedures performed, and other data were collected from the database. Complex cases were defined as those involving fusion of 9 or more vertebrae (8 All identified discharges were divided into 2 groups: teaching and nonteaching hospitals. According to the NIS, a hospital is considered a teaching hospital if it has an American Medical Association-approved residency program, is a member of the Council of Teaching Hospitals, or has a ratio of interns and residents to beds of 1 to 4 or higher (https://www.hcup-us.ahrq.gov/db/vars/ hosp_teach/nisnote.jsp).
outcome Measures
Outcome measures included inpatient morbidity (defined as the development of at least 1 complication), inpa- 
Statistical analysis
All analyses were performed using Stata/SE 12 (StataCorp LP). General demographic data and outcomes were compared between teaching and nonteaching groups. Continuous data were compared via the unpaired t-test with unequal variances, and categorical data were compared via the chi-square or Fisher's exact test as appropriate. A binary logistic regression analysis was performed to identify the independent effect of hospital teaching status on inpatient morbidity and mortality. Regression analyses were adjusted for patient age (> 65 years), sex, comorbidities (congestive heart failure, chronic lung disease, coagu- hospital teaching status and spinal deformity surgery lopathy, diabetes, obesity, liver disease, and renal failure), primary payer, case complexity, revision status, and diagnosis. Statistical significance was set at p < 0.05.
results
A total of 7603 elective admissions of patients who underwent surgery for ASD were identified, and their data are summarized in Table 1 . There were 4650 (61.2%) patients treated at a teaching hospital and 2953 (38.8%) patients treated at a nonteaching hospital. Patients treated at nonteaching hospitals were significantly older compared with patients treated at teaching hospitals (62 vs 59 years, p < 0.001). Significantly different comorbidities between groups included rates of chronic lung disease and diabetes.
The primary payer was significantly different between groups, with a higher proportion of patients in the nonteaching hospital group having Medicare (53.7% vs 45.6%) and a higher proportion of patients in the teaching hospital group having private insurance (46.2% vs 41.2%). The proportion of patients with complex procedures was significantly higher in the teaching hospital group (27.3%) compared with the nonteaching hospital group (21.7%, p < 0.001). Likewise, the percentage of patients undergoing revision procedures was significantly different between groups (5.2% in teaching hospitals vs 3.9% in nonteaching hospitals, p = 0.008). The most common diagnosis in both groups was idiopathic scoliosis, which accounted for 57.7% of cases in teaching hospitals and 63.2% in nonteaching hospitals (p < 0.001).
outcomes and Complications
The LOS was significantly different between groups, with patients in the teaching hospital group staying on average 7.0 days compared with 5.2 in nonteaching hospitals (p < 0.001) ( Table 2 ). The overall complication rate was 48.7%; 47.9% in teaching hospitals versus 49.8% in nonteaching hospitals (p = 0.114). Procedure-related complications occurred in 40.8% of patients in teaching hospitals compared with 42.8% in nonteaching hospitals (p = 0.078). Last, mortality rates were also not different between groups (0.4% in teaching hospitals vs < 0.4% in nonteaching hospitals, p = 0.210).
The most common complication was acute posthemorrhagic anemia in 34.8% of patients, followed by acute respiratory failure in 8.5% of patients, and implant-related complications in 7.4% of patients (Table 3) . Acute posthemorrhagic anemia was significantly more prevalent in nonteaching hospitals (36.8%) compared with teaching hospitals (33.5%, p = 0.003). Likewise, incidental durotomy was more common in nonteaching hospitals (5.7%) compared with teaching hospitals (4.4%, p = 0.007). On the other hand, deep vein thrombosis was more common in teaching hospitals (1.5%) versus nonteaching hospitals (0.5%, p < 0.001), as were wound-related complications (1.2% in teaching hospitals vs 0.6% in nonteaching hospitals, p = 0.020) and respiratory complications (9.1% in teaching hospitals vs 7.6%, p = 0.020). Other major medical complications such as acute kidney injury, myocardial infarction, pneumonia, and pancreatitis were not significantly different between groups. Following a multivariable logistic regression analysis (after controlling for patient age, comorbidities, primary payer, case complexity, revision status, and diagnosis), having ASD surgery at a teaching hospital was associated with significantly lower odds of developing a postoperative complication (OR 0.89, 95% CI 0.82-0.98; p = 0.030). However, teaching status was not significantly associated with in-hospital mortality (OR 1.7, 95% CI 0.73-4.3; p = 0.210). The factors most strongly associated with complication development included coagulopathy (OR 4.3; 95% CI 3.5-5.3), revision procedures (OR 3.4, 95% CI 2.6-4.4; p < 0.001), and complex procedures (OR 2.1, 95% CI 1.9-2.4; p < 0.001) (Fig. 2) .
Complex Case Subanalysis
A total of 25.1% of cases were classified as complex, involving osteotomy and/or fusion of 8 or more spinal segments. As mentioned above, the proportion of patients with complex procedures was significantly higher in the teaching hospital group (27.3%) compared with the nonteaching hospital group (21.7%, p < 0.001). A multivariable analysis performed only on complex cases revealed that teaching hospitals had a significantly reduced risk of complication development (OR 0.58, 95% CI 0.47-0.72; p < 0.001) compared with nonteaching hospitals.
Discussion
Teaching hospitals are an important part of any health care system. These hospitals provide training for future health care professionals, conduct research, provide care to uninsured populations, and serve as referral centers for complex cases. 6, 10, 24 However, research has suggested that not only are surgical outcomes between teaching and nonteaching hospitals different, but that patients treated for degenerative spine conditions at teaching hospitals may in fact have higher inpatient morbidity. 6, 12 For example, a study by Fineberg et al. examined outcomes of 212,385 cervical spine operations for degenerative disease (54.6% performed at teaching hospitals), finding that the rate of inpatient morbidity was 24.7 per 1000 versus 17.4 per 1000 patients in teaching and nonteaching hospitals, respectively. 6 Similarly, a study by Nandyala et al. examined 658,616 patients who underwent surgery for lumbar degenerative disease and found significantly higher rates of pulmonary embolism, deep vein thrombosis, infections, and neurological complications in teaching hospitals. 12 Both of these studies attributed these findings to a higher case complexity and worse preoperative condition of patients treated at teaching hospitals.
In this study, we sought to investigate the effect of teaching status on outcomes after surgery for ASD. These operations are usually performed in older patients; require instrumentation of multiple spinal segments; and carry important risks such as neurovascular injury, high blood loss, instrumentation misplacement/failure, need for revision surgery, and systemic medical complications. 22 Thus, we hypothesized that outcomes would be different between teaching and nonteaching hospitals. Following data analysis, our study found that patients treated at a teaching hospital had a complication rate of 47.9% compared with 49.8% at nonteaching hospitals (p = 0.114). Although this crude rate difference appears small and nonsignificant, a multivariable analysis revealed an 11% decrease in odds (OR 0.89; 95% CI 0.81-0.98) of developing a complication for patients treated at a teaching versus a nonteaching hospital. Importantly, this analysis controlled for operative parameters such as number of fused segments, osteotomy, and revision procedures, as well as patient characteristics such as age, sex, and comorbid conditions. Commensurate with our findings, other studies have found better outcomes in teaching hospitals for more complex procedures such as lung cancer resection, abdominal hysterectomy, pancreatic resection, hepatic resection, and esophageal resection. 5, 8, 11 Given that ASD surgery may be considered more complex than an anterior cervical discectomy and fusion or a posterior lumbar laminectomy and fusion, this could explain the conflicting results with those of the studies by Fineberg et al. and Nandyala et al., which examined the latter procedures. Furthermore, 4.7% of all procedures in our study were found to be revision procedures; 21.0% involved fusion of 8 or more segments; and 25.1% were categorized as complex ASD procedures, involving fusion of 8 or more segments or osteotomy. In fact, a separate subanalysis of only complex cases revealed that hospital teaching status was also significantly associated with reduced odds of complication development (OR 0.58; 95% CI 0.47-0.72), suggesting that patients treated at academic centers may in fact have improved short-term outcomes.
The most common inpatient complication in the present study was acute posthemorrhagic anemia, which occurred in more than one-third of patients (34.8%). Blood loss during ASD surgery may be greater than 4 L in cases involving osteotomy, 7 potentially leading to organ damage, coagulopathy, infections, longer hospital stays, and higher costs. 16 Recently, a double-blinded randomized controlled trial showed that antifibrinolytics significantly reduced blood loss in posterior ASD surgery compared with placebo. 16 Not surprisingly, coagulopathy was the strongest independent factor associated with development of any postoperative complication (OR 4.2). This was followed by revision procedures (also associated with higher blood loss) 23 and complex procedures. Other factors such as congestive heart failure, renal failure, age > 65 years, female sex, and obesity also increased the odds of inpatient morbidity.
When comparing specific complications between teaching and nonteaching hospitals, acute posthemorrhagic anemia and incidental durotomies were both more common in nonteaching hospitals (36.8% vs 33.5% and 5.7% vs 4.4%, respectively). The precise reason for this is unknown, but it has been suggested that teaching hospitals benefit from increased surgeon experience, advanced training, availability of intensive care unit staffing, availability of diagnostic technology, and other factors. 5 Last, mortality was not significantly different between groups (0.4% in teaching hospitals and < 0.4% in nonteaching hospitals, p = 0.210), which was consistent with findings in previous studies. 6, 12 Although the results of the present study suggest that ASD surgery may be safer in teaching versus nonteaching hospitals, redirecting patient care may not be entirely feasible, and more studies are needed before definitive conclusions can be made. Additionally, the results presented herein are limited by the retrospective nature of the study, as well as a potential source of coding/reporting bias from using the NIS. Although an attempt to control for case complexity was made by classifying a procedure as complex if osteotomy or fusion of 8 or more spinal levels was performed, other data such as Cobb angles, sagittal vertical axis, sacropelvic parameters, and curve types are not available within the NIS. Given that data on complications are based on coding, this carries the risk of upcoding bias. This phenomenon consists of hospitals changing their coding practices to capture more baseline patient comorbidities and complications, in an attempt to maximize reimbursements. 2 On the other hand, given that the NIS is only an inpatient database, complications that may occur outside the hospital are not captured. Despite these limitations, various studies have examined short-term outcomes after scoliosis surgery using the NIS, 4, 13, 14, 21 and most of their findings have been consistent with other multicenter collaborations, particularly in regard to rates of perioperative complications. Nonetheless, the findings in the present study may lead to future multicenter prospective studies on the matter, with longer-term follow-ups and patientreported outcomes.
Conclusions
The findings in this study suggest that patients who undergo ASD surgery at a teaching hospital may have significantly decreased odds of developing a postoperative complication compared with patients treated at a nonteaching hospital (11% odds reduction). Coagulopathy, revision, and complex procedures, among other factors, may all lead to increased risk of complication development, particularly acute posthemorrhagic anemia. Future research on the long-term implications of surgically treating patients for ASD at a teaching versus nonteaching hospital is needed before definitive conclusions can be established.
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